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Exploring correlation between appearance characters and internal
quality of Phellodendri Chinensis Cortex slice based on the theory of
“quality evaluation through morphological identification”
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Abstract: Phellodendri Chinensis Cortex (PCC) featured with thick cortex and bright-yellow is considered to
be of high quality according to traditional appearance traits evaluation mode. However, the correlation between
appearance traits and internal quality of PCC has not been scientifically revealed. Here, based on the theory of
"Quality Evaluation Through Morphological Identification", the correlation of both sides was studied systematically.
Firstly, the thickness of PCC slices was measured by vernier calipers for classification, and the colour of PCC slice
was estimated by naked eyes and automatic colorimeter and classified. Secondly, high performance liquid chroma-

tography (HPLC) was used to establish fingerprint chromatogram containing 12 characteristic peaks, and the
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contents of moisture and ethanolic extractive were determined as well. The correlation among the appearance traits
of PCC slice (including the thickness and the spatial values of colour of PCC slice powder: L*Lightness, a*Red-
Green, b*Yellow-Blue) and peak areas of 12 characteristic peaks, contents of moisture and extractive were
explored through multivariate statistical analysis tools, including Pearson's correlation analysis, principal compo-
nent analysis (PCA), orthogonal partial least squares-discriminant analysis (PLS-DA) and analysis of variance
(ANOVA). Association analysis results showed the morphological parameters (thickness and color) are significantly
correlated with 2 kinds of principle chemical constituents (alkaloids and phenolic acids), among them, 5 major
constituents including 2 isoquinoline alkaloids and 3 feruloylquinic acids were simultancously quantitatively
analyzed under the same chromatographic condition for establishing a correspondence between appearance traits
and content of internal substances, and the sum of the contents of the five components was significantly higher in
the thickness = 4 mm (13.15% + 2.25%) and bright yellow samples (12.14% + 2.00%) than that in the thickness < 4
mm (10.89% =+ 1.41%) and dark yellow samples (10.32% + 2.41%). The research results confirm that thickness and
colour, two main appearance parameters of PCC slice, can be used as the indicators for evaluating the quality PCC
slice, which to some extent interprets the scientific connotation of traditional evaluation theory of "thick and yellow
are better". At the same time, the results provided substantial data and foundation for the establishment of commod-
ity grade standards of PCC slice.

Key words: Phellodendri Chinensis Cortex; appearance; isoquinoline alkaloid; feruloylquinic acid; quantifica-

tion; correlation analysis
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Table 1 The information of Phellodendri Chinensis Cortex slice samples

No. Collect place Collect time No. Collect place Collect time
HB-1 Dujiangyan, Sichuan 2021.12 HB-25 Shanghai Kangqiao Company 2023.4.19
HB-2 Dujiangyan, Sichuan 2021.12 HB-26 Shanghai Kangqiao Company 2023.4.19
HB-3 Dujiangyan, Sichuan 2021.12 HB-27 Shanghai Kangqiao Company 2023.4.19
HB-4 Dujiangyan, Sichuan 2021.12 HB-28 Shanghai Kangqiao Company 2023.4.19
HB-5 Dujiangyan, Sichuan 2021.12 HB-29 Shanghai Kanggiao Company 2023.4.19
HB-6 Dujiangyan, Sichuan 2021.12 HB-30 Bozhou, Anhui 2023.4.4
HB-7 Dujiangyan, Sichuan 2021.12 HB-31 Bozhou, Anhui 2023.4.4
HB-8 Dujiangyan, Sichuan 2021.12 HB-32 Bozhou, Anhui 2022.9.28
HB-9 Dujiangyan, Sichuan 2021.12 HB-33 Bozhou, Anhui 2022.9.28
HB-10 Dujiangyan, Sichuan 2021.12 HB-34 Bozhou, Anhui 2022.9.28
HB-11 Dujiangyan, Sichuan 2021.12 HB-35 Bozhou, Anhui 2022.9.28
HB-12 Dujiangyan, Sichuan 2021.12 HB-36 Bozhou, Anhui 2023.4.4
HB-13 Dujiangyan, Sichuan 2021.12 HB-37 Bozhou, Anhui 2023.4.4
HB-14 Shanghai Kanggiao Company 2022.8.18 HB-38 Bozhou, Anhui 2023.4.4
HB-15 Shanghai Kangqiao Company 2022.8.18 HB-39 Bozhou, Anhui 2023.4.4
HB-16 Shanghai Kangqiao Company 2022.8.18 HB-40 Bozhou, Anhui 2023.4.4
HB-17 Shanghai Kangqiao Company 2022.8.18 HB-41 Bozhou, Anhui 2023.4.4
HB-18 Shanghai Kanggiao Company 2022.8.18 HB-42 Bozhou, Anhui 2023.4.4
HB-19 Shanghai Kanggiao Company 2023.4.19 HB-43 Bozhou, Anhui 2023.4.4
HB-20 Shanghai Kanggiao Company 2023.4.19 HB-44 Bozhou, Anhui 2023.4.4
HB-21 Shanghai Kangqiao Company 2023.4.19 HB-45 Bozhou, Anhui 2023.4.4
HB-22 Shanghai Kangqiao Company 2023.4.19 HB-46 Bozhou, Anhui 2023.4.4
HB-23 Shanghai Kanggiao Company 2023.4.19 HB-47 Bozhou, Anhui 2023.4.4
HB-24 Shanghai Kanggiao Company 2023.4.19 HB-48 Bozhou, Anhui 2023.4.4
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Figure 1 HPLC chromatograms of mixed reference substances

(A) and Phellodendri Chinensis Cortex slice sample (B). 1: Chloro-
genic acid; 2: 5-O-Feruloylquinic acid (5-O-FQA); 3: 3-O-Feru-
loylquinic acid (3-O-FQA); 4: 4-O-Feruloylquinic acid (4-O-
FQA); 5: Magnoflorine; 6: Phellodendrine; 9: Jatrorrhizine; 10:

Palmatine; 11: Berberine; 12: Obakulactone; 13: Obakunone
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Figure 2 morphological illustration (A: Different thickness; B: Different colour), and comparison of peak area of 3 largest chromato-

graphic peaks in samples with different thickness (C). 1-2: Thickness 1-2 mm; 2-3: Thickness 2-3 mm; 3-4: Thickness 3-4 mm; 4-5: Thick-

ness 4-5 mm; > 5: Thickness = 5 mm
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Figure 3 Pearson correlation analysis of appearance characters and chemical components of Phellodendri Chinensis Cortex slice samples.

‘P<0.05,"P<0.01
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Figure 4 PCA (A), OPLS-DA (B) plot and VIP value (C) of 86 samples of Phellodendri Chinensis Cortex. 1: Thickness > 4 mm, bright

yellow; 2: Thickness > 4 mm, dark yellow; 3: Thickness <4 mm, bright yellow; 4: Thickness < 4 mm, dark yellow

[ 40 U0 A4 TR 2 B0 AR 9% 1, R R F GraphPad Prism
8.0 AF 4 2 AL S WA T R W A, WK,
G5 IR /N BEBR, | B BCLE B R E R I 2 e ik B AR B 3
JKF (P <0.000 1) k2R A, P2 5-0O-FQA L 3-
O-FQA } 4-O-FQA % ; 3-0-FQA . 4-O-FQA . 5-O-FQA
FE 2 PP 1 22 Sk B 2 2 7K F (P < 0.001),
UOZ BN 255 AH I T« 32 B 20 AT  1E 22 A e /)
e ) 43 BT I 2 SR, AN [R] JEL RE AT € B A A )
EARARAFE 2 S, JE BRI — e AR . E sk A IR
KL, JEBEXF AR TR B (14 8 M B €0 B K, A 8] e 1)
FE N IETR ARG 2 2 B R sgm . T 0L By
Mr, 8 £ /N BEBR 25 A1 9 3-O-FQA . 4-0-FQA #l1 5-0-
FQA T e A 5% B 73 AT & s €, 9 M R VP AN
TRV 20 o e 28 ST 2 (L B S i
4 XBRITHESENE

K F HPLC % 57 38 A0 R o 2 Fh AR P 43 (71

AT I8 K 5 B G I 33 K 4 324 nm (0~ 14 min, 5-O-FQA .
3-0-FQA .4-O-FQA).206 nm (14~20 min, & A1 &) A
230 nm (20~55 min, /NEETH).

4.1 FERFERE  NEERL . HE I 5-0-FQA. 4-0-
FQA 1 3-O-FQA T it 73 75 5 I 5E J7 15 1) 2 e 55 &
HELER IR 2, B AES H G MG R R AT
R B e PR MRS 45 I RSD ¥/ T 3.0%,
ARG 2 AN 77 v B R A, fEal s = iR
BB 72 h AT ; T3 [ 43 5l 95.77%
100.27%-100.29%.95.75%+98.80%, RSD 43519 1.50%
1.70%-+1.20%-1.10%- 1.50%, B 5 iERLE A 5,

42 FHEHRWNEEMNE %86 L E MK
72 N £~ ¢S W T 1 S T N B R £ oo
TSR AT IR HERE AT, THE B b N BEBR L BRI
3-0-FQA.4-O-FQA.5-O-FQA ()& &« TUM 2 1
A A 5 FEANAS [F] BUea A b A (E B LR 3,

BERR SEAARR) A1 3 PR 4 (5-O-FQA.3-0O-FQA 4-  EE>4mm M OEGTHRS SEERESTE

O-FQA) 1% 1§y & BN E T7 15, A8 & M o R < 4 mm ARS8 (U SR

Table 2 Linear relationship of five compounds in Phellodendri Chinensis Cortex slice

Compound Regression equation R Linearity range/pg-mL" LOQ/ug-mL" LOD/ug-mL"

3-0-FQA Y=14374X + 104.230 0.999 6 47.20-3 025 0.1815 0.3025
4-O-FQA Y=2692.9X-14.079 1.000 0 65.37-1 046 09152 1.6343
5-0-FQA Y=10077X-67.116 0.999 7 16.50-1 056 0.1320 0.1650
Berberine Y=18905X—-119.140 0.999 9 70.56-1 129 0.000 2 0.000 7
Phellodendrine Y=57416X-24.396 1.000 0 3.20-1 024 0.001 0 0.032 0
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Figure 5 One-way ANOVA of variance of each peak area in 86 Phellodendri Chinensis Cortex slices with different appearance characters.
‘P<0.05,"P<0.01,"P<0.001, P <0.000 1
Table 3  Average contents of 5 constituents in Phellodendri Chinensis Cortex slice samples from different appearance types (“n = 38, "n =
48, n =174, n = 12, mean + SD, %)

Thickness Colour

No. Compound >4 mm* <4 mm® Bright yellow* Dark yellow*
1 5-0-FQA 0.75+0.18 0.62+0.10 0.70 £ 0.15 0.52+0.11
2 3-0-FQA 3.12+£0.66 2.70 £0.55 3.01 £0.51 2.09+£0.75
3 4-O-FQA 2.00+0.50 1.68 £0.31 1.89 £ 0.41 1.40 £0.33
4 Phellodendrine 0.59+0.11 0.49 £ 0.06 0.54 +0.09 0.48 £0.11
5 Berberine 6.66+1.07 5.38+0.63 5.97+1.04 5.80+1.20
1+2+3 5.88+1.22 5.00 + 0.87 5.61 +0.95 4.02+1.16

4+5 7.25+1.18 5.88 +0.69 6.52+1.13 6.29 + 1.31

Total 13.15+2.25 10.89 £ 1.41 12.14 +£2.00 10.32+2.41
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